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(54)  Surface  acoustic  wave  filter 

(57)  A  surface  acoustic  wave  filter  of  the  prior  art  is 
a  filter  of  the  unbalanced  type,  and  has  the  input  and 
output  impedances  which  are  equal  to  each  other  ,  and 
it  is  an  object  of  the  invention  to  provide  a  surface 
acoustic  wave  filter  which  can  perform  the  balanced  sig- 
nal/unbalanced  signal  conversion,  and  in  which  the 
input  and  output  impedances  are  different  from  each 
other  ,and  in  a  surface  acoustic  wave  filter  of  the  longi- 
tudinal  mode  type,  a  signal  is  applied  to  two  terminals  of 
the  input  interdigital  transducer,  or  a  signal  is  output 
from  two  terminals  of  the  output  interdigital  transducer, 
thereby  constituting  a  balanced  type  filter  ,  and  the  ape- 
ture  length  of  the  input  interdigital  transducer  is  different 
from  that  of  the  output  interdigital  transducer,  whereby 
the  input  and  output  impedances  are  set  to  be  different 
values. 
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Description 

BACKGROUND  OF  THE  INVENTION 

1  .Field  of  the  Invention]  5 

The  invention  relates  to  a  surface  acoustic  wave  fil- 
ter,  and  particularly  to  a  surface  acoustic  wave  filter 
which  is  used  in  a  high-frequency  region. 

10 
2.  Related  art  of  the  Invention 

Recently,  studies  on  a  surface  acoustic  wave  device 
which  can  be  used  in  a  filter  have  been  intensively  con- 
ducted.  In  order  to  cope  with  recent  development  of  is 
mobile  communications  and  increase  of  the  frequency, 
particularly,  development  of  a  surface  acoustic  wave 
device  has  been  vigorously  made. 

Conventionally,  several  kinds  of  filters  which  are 
configured  by  a  surface  acoustic  wave  device  and  which  20 
are  used  in  the  high-frequency  band,  particularly  in  the 
band  of  the  hundreds  of  megahertz  are  known.  Typical 
examples  of  such  filters  are  as  follows:  a  filter  which  is 
of  the  so-called  ladder  type  and  configured  by  plural 
surface  acoustic  wave  resonators,  such  as  that  dis-  25 
closed  in  Japanese  patent  publication  (Kokai)  No. 
SHO52-19044;  a  filter  which  is  of  the  so-called  multie- 
lectrode  type,  such  as  that  disclosed  in  Japanese  patent 
publication  (Kokai)  No.  SH058-154917;  and  a  filter 
which  is  of  the  so-called  longitudinal  mode  type  and  in  30 
which  surface  acoustic  wave  resonators  are  juxtaposed 
and  coupling  among  the  resonators  are  used,  such  as 
that  disclosed  in  Japanese  patent  publications  (Kokai) 
Nos.  HEI3-222512,  SHO61-230419,  and  HEI1-231417. 
Most  of  these  filters  handle  an  unbalanced  signal  and  35 
are  set  to  have  a  characteristic  impedance  of  50  ohms 
in  order  to  meet  user  requests. 

Recently,  there  is  a  movement  afoot  to  balance  a 
high-frequency  circuit  in  order  to  improve  the  perform- 
ance  of  the  circuit.  In  a  high-frequency  circuit  of  a  port-  40 
able  phone  or  the  like,  for  example,  an  unbalanced 
circuit  is  used  in  the  high-frequency  side  and  a  balanced 
circuit  in  the  low-frequency  side.  When  a  circuit  is  bal- 
anced,  merits  can  be  produced  that  the  resistance  to 
noise  is  improved  and  that  the  circuit  can  be  driven  at  a  45 
lower  voltage.  However,  such  a  balanced  configuration 
requires  circuit  parts  to  be  ready  for  a  balanced  circuit. 
In  an  unbalanced  type  circuit  of  the  prior  art,  parts  have 
an  input/output  impedance  of  50  ohms.  When  a  circuit  is 
balanced,  however,  the  impedance  is  not  always  50  so 
ohms.  In  a  transitional  period  from  an  unbalanced  circuit 
to  a  balanced  circuit,  particularly,  parts  are  necessary 
which  have  unbalanced  terminals  at  the  input  and  bal- 
anced  terminals  at  the  output.  An  example  of  such  parts 
is  a  balun.  A  balun  has  a  configuration  which  can  control  55 
the  impedances  of  the  balanced  and  unbalanced  termi- 
nals.  When  a  circuit  of  the  prior  art,  i.e.,  an  unbalanced 
circuit  is  to  be  used,  however,  a  balun  is  not  necessary. 
When  a  balun  is  used  for  deforming  a  circuit  of  the  prior 

art  into  a  balanced  circuit,  therefore,  defects  that  the 
costs  of  parts  are  increased  and  that  the  mounting  area 
is  required  are  produced. 

Summary  of  the  Invention 

To  comply  with  this,  the  inventors  have  thought  that 
such  a  function  or  that  performed  by  a  balun  may  be 
added  to  a  surface  acoustic  wave  filter  which  is  conven- 
tionally  used.  First,  a  modification  of  a  filter  of  the  longi- 
tudinal  mode  type  has  been  invented  as  a  system  which 
receives  an  unbalanced  signal  and  outputs  a  balanced 
signal  or  in  reverse  receives  a  balanced  signal  and  out- 
puts  an  unbalanced  signal.  Usually,  a  filter  of  the  longi- 
tudinal  mode  type  is  configured  as  shown  in  Fig.  10.  All 
of  an  input  interdigital  transducer  1001  and  output  inter- 
digital  transducers  1002-1  and  1002-2  are  always  used 
while  one  of  the  two  terminals  of  each  electrode  is 
grounded  (in  other  words,  both  the  input  and  the  output 
handle  an  unbalanced  signal).  From  the  principle  of 
generation  of  a  surface  acoustic  wave,  the  electric  sig- 
nal/surface  acoustic  wave  conversion  ought  to  function 
even  when  signals  which  are  shifted  in  phase  from  each 
other  by  1  80  degrees  are  respectively  applied  to  the  two 
terminals  or  a  balanced  signal  is  input  to  the  terminals. 
Also  in  the  surface  acoustic  wave/electric  signal  conver- 
sion,  it  is  considered  that,  in  a  propagating  surface 
acoustic  wave,  the  phases  at  two  terminals  of  an  inter- 
digital  transducer  are  shifted  in  phase  from  each  other 
by  1  80  degrees  and  a  balanced  signal  is  output.  When 
such  a  configuration  is  adopted,  therefore,  it  is  possible 
to  attain  a  configuration  in  which  the  input  signal  is  an 
unbalanced  signal  and  the  output  signal  is  a  balanced 
signal,  or  vice  versa. 

It  is  apparent  that  the  input  and  output  impedances 
depend  on  the  product  of  the  apeture  length  of  an  inter- 
digital  transducer  and  the  number  of  pairs.  As  the  prod- 
uct  is  larger,  the  impedances  are  lower,  and,  as  the 
product  is  smaller,  the  impedances  are  higher.  However, 
the  number  of  pairs  of  an  interdigital  transducer  is 
closely  related  to  the  band  width  of  a  filter.  When  the 
number  of  pairs  is  made  smaller,  for  example,  the  band 
of  a  filter  tends  to  be  wider,  and,  when  the  number  is 
made  larger,  the  band  of  a  filter  tends  to  be  narrower.  In 
an  actual  use,  the  necessary  band  width  is  previously 
determined.  In  view  of  this,  the  number  of  pairs  has  a 
very  small  degree  of  freedom.  When  the  apeture  length 
of  an  input  interdigital  transducer  is  made  different  from 
that  of  an  output  interdigital  transducer,  or  when  the 
apeture  length  of  one  or  both  of  the  interdigital  transduc- 
ers  is  weighted,  it  is  possible  to  control  the  input  and 
output  impedances. 

In  this  way,  according  to  the  invention,  a  surface 
acoustic  wave  filter  which  is  suitable  for  a  balanced  type 
circuit  can  be  obtained.  Furthermore,  a  surface  acoustic 
wave  filter  in  which  the  input  and  output  impedances 
can  be  set  to  be  different  values  can  be  obtained. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  view  showing  the  configuration  of  a  sur- 
face  acoustic  wave  filter  of  Embodiment  1  of  the  inven- 
tion. 

Fig.  2  is  a  view  showing  an  example  of  a  measuring 
circuit  used  in  Embodiment  1  . 

Fig.  3  is  a  view  showing  another  example  of  the 
measuring  circuit  used  in  Embodiment  1  . 

Fig.  4  is  a  view  showing  the  configuration  of  a  sur- 
face  acoustic  wave  filter  of  Embodiment  2  of  the  inven- 
tion. 

Fig.  5  is  a  view  showing  the  configuration  of  a  sur- 
face  acoustic  wave  filter  of  Embodiment  3  of  the  inven- 
tion. 

Fig.  6  is  a  view  showing  an  example  of  a  measuring 
circuit  used  in  Embodiment  3. 

Fig.  7  is  a  view  showing  the  configuration  of  a  sur- 
face  acoustic  wave  filter  of  Embodiment  4  of  the  inven- 
tion. 

Fig.  8  is  a  view  showing  the  configuration  of  a  sur- 
face  acoustic  wave  filter  of  Embodiment  5  of  the  inven- 
tion. 

Fig.  9  is  a  view  showing  an  example  of  a  measuring 
circuit  used  in  Embodiment  5. 

Fig.  10  is  a  view  showing  the  configuration  of  a  sur- 
face  acoustic  wave  filter  of  the  prior  art. 

Fig.  1  1  is  a  view  showing  characteristics  of  the  sur- 
face  acoustic  wave  filter  of  the  prior  art. 

Fig.  12  is  a  view  showing  characteristics  of  the  sur- 
face  acoustic  wave  filter  of  Embodiment  1  of  the  inven- 
tion. 

Fig.  13  is  a  view  showing  an  example  of  a  method 
of  weighting  the  apeture  length  in  Embodiment  5  of  the 
invention. 

Fig.  14  is  a  view  showing  another  example  of  a 
method  of  weighting  the  apeture  length  in  Embodiment 
5  of  the  invention. 

Fig.  15  is  a  block  diagram  showing  a  high-fre- 
quency  portion  of  a  signal  transmitting/receiving  appa- 
ratus  of  Embodiment  6  of  the  invention. 

101  input  interdigital  transducer 
102-  1,  102-2  output  interdigital  transducers 
103-  1,  103-2  reflectors 
104-  1,  104-2  input  terminals 
1  05-  1  ,  1  05-2  output  terminals 

PREFERRED  EMBODIMENTS 

Hereinafter,  embodiments  of  the  invention  will  be 
described. 

(Embodiment  1) 

Embodiment  1  of  the  invention  will  be  described.  A 
lithium  niobate  (LiNb03)  substrate  of  64°-Y-cut  and  X- 
propagation  is  used  as  the  piezoelectric  substrate,  and 
a  filter  is  configured  using  the  substrate.  Fig.  1  shows 

the  electrode  configuration.  The  reference  numeral  101 
designates  an  input  interdigital  transducer,  102-1  and 
102-2  designate  output  interdigital  transducers,  103-1 
and  103-2  designate  reflectors,  104-1  and  104-2  desig- 

5  nate  input  terminals,  and  105-1  and  105-2  designate 
output  terminals.  In  the  figure,  for  the  sake  of  simplifica- 
tion,  the  interdigital  transducers  and  the  reflectors  are 
shown  in  a  reduced  number. 

The  thus  configured  filter  was  connected  to  a  meas- 
10  uring  apparatus  by  using  baluns  201-1  and  201-2  as 

shown  in  Fig.  2,  and  the  characteristics  of  the  filter  were 
then  measured.  The  baluns  were  used  because  of  the 
following  reason.  A  usual  measuring  apparatus  is  used 
for  measuring  an  unbalanced  signal  and  cannot  meas- 

15  ure  a  balanced  signal.  Therefore,  the  unbalanced  sig- 
nal/balanced  signal  conversion  must  be  performed  by 
using  baluns.  As  a  result  of  the  measurement,  the  char- 
acteristics  of  the  filter  are  substantially  equal  to  those  in 
the  case  of  an  unbalanced  signal  in  the  prior  art.  Simi- 

20  larly,  also  in  the  configuration  shown  in  Fig.  3,  the  char- 
acteristics  of  the  filter  are  measured,  with  the  result  that 
the  characteristics  of  the  filter  were  substantially  equal 
to  those  in  the  case  of  an  unbalanced  signal  in  the  prior 
art.  Fig.  1  1  shows  characteristics  in  the  unbalanced  sig- 

25  nal/unbalanced  signal  case  in  the  prior  art,  and  Fig.  12 
shows  characteristics  in  the  balanced  signal/unbal- 
anced  signal  case  shown  in  Fig.  3. 

(Embodiment  2) 
30 

Next,  Embodiment  2  of  the  invention  will  be 
described.  A  lithium  niobate  (LiNb03)  substrate  of  64°- 
Y-cut  and  X-propagation  is  used  as  the  piezoelectric 
substrate,  and  a  filter  is  configured  using  the  substrate. 

35  Fig.  4  shows  the  electrode  configuration.  The  reference 
numeral  401  designates  an  input  interdigital  transducer, 
402  designates  an  output  interdigital  transducer,  403-1 
and  403-2  designate  reflectors,  404  designates  an  input 
terminal,  and  405  designates  an  output  terminal.  In  the 

40  figure,  for  the  sake  of  simplification,  the  interdigital 
transducers  and  the  reflectors  are  shown  in  a  reduced 
number.  The  apeture  length  of  the  output  interdigital 
transducer  402  is  smaller  than  that  of  the  input  interdig- 
ital  transducer  401.  In  the  filter,  naturally,  the  output 

45  impedance  is  higher  than  the  input  impedance.  Specifi- 
cally,  the  filter  is  designed  so  that  the  input  impedance 
is  50  ohms  and  the  output  impedance  is  100  ohms. 

An  impedance  matching  circuit  was  connected  to 
the  output  of  the  filter,  and  the  characteristics  of  the  filter 

so  were  then  measured.  As  a  result,  although  the  charac- 
teristics  are  slightly  inferior  to  those  of  a  filter  of  the  prior 
art,  the  characteristics  sufficiently  satisfy  the  require- 
ments  for  a  filter. 

55  (Embodiment  3) 

Next,  Embodiment  3  of  the  invention  will  be 
described.  A  lithium  niobate  (LiNb03)  substrate  of  64°- 
Y-cut  and  X-propagation  is  used  as  the  piezoelectric 

3 
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substrate,  and  a  filter  is  configured  using  the  substrate. 
Fig.  5  shows  the  electrode  configuration.  The  reference 
numeral  501  designates  an  input  interdigital  transducer, 
502  designates  an  output  interdigital  transducer,  503-1 
and  503-2  designate  reflectors,  504-1  and  504-2  desig- 
nate  input  terminals,  and  505-1  and  505-2  designate 
output  terminals.  In  the  figure,  for  the  sake  of  simplifica- 
tion,  the  interdigital  transducers  and  the  reflectors  are 
shown  in  a  reduced  number.  The  apeture  length  of  the 
output  interdigital  transducer  502  is  smaller  than  that  of 
the  input  interdigital  transducer  501.  In  the  filter,  natu- 
rally,  the  output  impedance  is  higher  than  the  input 
impedance.  Specifically,  the  filter  is  designed  so  that  the 
input  impedance  is  50  ohms  and  the  output  impedance 
is  100  ohms. 

The  thus  configured  filter  was  connected  to  a  meas- 
uring  apparatus  by  using  baluns  601  and  602  as  shown 
in  Fig.  6,  and  the  characteristics  of  the  filter  were  then 
measured.  The  balun  601  performs  the  balanced  sig- 
nal/unbalanced  signal  conversion  of  50  ohms,  and  the 
balun  602  conducts  the  conversion  between  an  unbal- 
anced  signal  of  50  ohms  and  a  balanced  signal  of  1  00 
ohms.  The  baluns  were  used  because  of  the  following 
reason.  A  usual  measuring  apparatus  is  used  for  meas- 
uring  an  unbalanced  signal  and  cannot  measure  a  bal- 
anced  signal.  Therefore,  the  unbalanced 
signal/balanced  signal  conversion  must  be  performed 
by  using  baluns.  As  a  result  of  the  measurement,  the 
characteristics  of  the  filter  are  substantially  equal  to 
those  in  the  case  of  an  unbalanced  signal  in  the  prior 
art. 

(Embodiment  4) 

Next,  Embodiment  4  of  the  invention  will  be 
described.  A  lithium  niobate  (LiNb03)  substrate  of  64°- 
Y-cut  and  X-propagation  is  used  as  the  piezoelectric 
substrate,  and  a  filter  is  configured  using  the  substrate. 
Fig.  7  shows  the  electrode  configuration.  The  reference 
numeral  701  designates  an  input  interdigital  transducer, 
702-1  and  702-2  designate  output  interdigital  transduc- 
ers,  703-1  and  703-2  designate  reflectors,  704  desig- 
nates  an  input  terminal,  and  705  designates  an  output 
terminal.  In  the  figure,  for  the  sake  of  simplification,  the 
interdigital  transducers  and  the  reflectors  are  shown  in  a 
reduced  number.  The  apeture  length  of  the  input  inter- 
digital  transducer  701  is  weighted.  The  apeture  lengths 
of  portions  of  the  input  interdigital  transducer  701  which 
are  nearest  to  the  output  interdigital  transducers  702-1 
and  702-2  are  equal  to  those  of  the  output  interdigital 
transducers  702-1  and  702-2.  This  is  conducted  in  order 
to  allow  a  surface  acoustic  wave  to  efficiently  propagate 
between  the  input  and  output  interdigital  transducers. 
As  a  result,  the  product  of  the  apeture  length  and  the 
number  of  pairs  in  the  output  interdigital  transducers 
702-1  and  702-2  are  larger  than  those  in  the  input  inter- 
digital  transducer  701.  In  other  words,  in  the  filter,  the 
output  impedance  is  higher  than  the  input  impedance. 
The  filter  is  designed  so  that  the  input  impedance  is  50 

ohms  and  the  output  impedance  is  100  ohms. 
An  impedance  matching  circuit  was  connected  to 

the  output  of  the  filter,  and  the  characteristics  of  the  filter 
were  measured.  As  a  result,  although  the  characteris- 

5  tics  are  slightly  inferior  to  those  of  a  filter  of  the  prior  art, 
the  characteristics  sufficiently  satisfy  the  requirements 
for  a  filter. 

In  the  embodiment,  the  apeture  length  of  the  input 
interdigital  transducer  701  is  weighted.  Alternatively,  the 

10  apeture  lengths  of  the  output  interdigital  transducers 
702-1  and  702-2  may  be  weighted,  or  the  apeture 
lengths  of  all  the  input  and  output  interdigital  transduc- 
ers  may  be  weighted.  The  manner  of  weighting  is  not 
restricted  to  the  shape  shown  in  the  figure  and  weight- 

15  ing  may  be  conducted  in  any  manner. 

(Embodiment  5) 

Next,  Embodiment  5  of  the  invention  will  be 
20  described.  A  lithium  niobate  (LiNb03)  substrate  of  64°- 

Y-cut  and  X-propagation  is  used  as  the  piezoelectric 
substrate,  and  a  filter  is  configured  using  the  substrate. 
Fig.  8  shows  the  electrode  configuration.  The  reference 
numeral  801  designates  an  input  interdigital  transducer, 

25  802-1  and  802-2  designate  output  interdigital  transduc- 
ers,  803-1  and  803-2  designate  reflectors,  804-1  and 
804-2  designate  input  terminals,  and  805-1  and  805-2 
designate  output  terminals.  In  the  figure,  for  the  sake  of 
simplification,  the  interdigital  transducers  and  the  reflec- 

30  tors  are  shown  in  a  reduced  number.  The  apeture  length 
of  the  input  interdigital  transducer  801  is  weighted.  The 
apeture  lengths  of  portions  of  the  input  interdigital  trans- 
ducer  801  which  are  nearest  to  the  output  interdigital 
transducers  802-1  and  802-2  are  equal  to  those  of  the 

35  output  interdigital  transducers  802-1  and  802-2.  This  is 
conducted  in  order  to  allow  a  surface  acoustic  wave  to 
efficiently  propagate  between  the  input  and  output  inter- 
digital  transducers.  As  a  result,  the  product  of  the  ape- 
ture  length  and  the  number  of  pairs  in  the  output 

40  interdigital  transducers  802-1  and  802-2  is  larger  than 
that  in  the  input  interdigital  transducer  801.  In  other 
words,  in  the  filter,  the  output  impedance  is  higher  than 
the  input  impedance.  The  filter  is  designed  so  that  the 
input  impedance  is  50  ohms  and  the  output  impedance 

45  is  100  ohms. 
The  thus  configured  filter  was  connected  to  a  meas- 

uring  apparatus  by  using  baluns  901  and  902  as  shown 
in  Fig.  9,  and  the  characteristics  of  the  filter  were  then 
measured.  The  balun  901  performs  the  balanced  sig- 

50  nal/unbalanced  signal  conversion  of  50  ohms,  and  the 
balun  902  conducts  the  conversion  between  an  unbal- 
anced  signal  of  50  ohms  and  a  balanced  signal  of  100 
ohms.  The  baluns  were  used  because  of  the  following 
reason.  A  usual  measuring  apparatus  is  used  for  meas- 

55  uring  an  unbalanced  signal  and  cannot  measure  a  bal- 
anced  signal.  Therefore,  the  unbalanced 
signal/balanced  signal  conversion  must  be  performed 
by  using  baluns.  As  a  result  of  the  measurement,  the 
characteristics  of  the  filter  are  substantially  equal  to 

4 
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those  in  the  case  of  an  unbalanced  signal  in  the  prior 
art. 

In  the  embodiment,  the  apeture  length  of  the  input 
interdigital  transducer  801  is  weighted.  Alternatively,  the 
apeture  lengths  of  the  output  interdigital  transducers 
802-1  and  802-2  may  be  weighted,  or  the  apeture 
lengths  of  all  the  input  and  output  interdigital  transduc- 
ers  may  be  weighted.  The  manner  of  weighting  is  not 
restricted  to  the  shape  shown  in  the  figure  and  weight- 
ing  may  be  conducted  in  any  manner. 

Figs.  13  and  14  show  other  examples  of  weighting, 
respectively.  Fig.  13  shows  a  surface  acoustic  wave  fil- 
ter  having  a  configuration  in  which  the  apeture  length  is 
smallest  in  the  center  portion  of  an  input  interdigital 
transducer  1301,  and,  as  moving  outward,  the  apeture 
length  is  gradually  increased  to  a  size  which  is  equal  to 
the  apeture  lengths  of  output  interdigital  transducers 
1302-1  and  1302-2.  Fig.  14  shows  a  surface  acoustic 
wave  filter  having  a  configuration  in  which  the  apeture 
lengths  of  output  interdigital  transducers  1402-1  and 
1402-1  are  different  from  each  other,  and  the  apeture 
length  of  an  input  interdigital  transducer  1401  posi- 
tioned  between  the  output  interdigital  transducers  is 
weighted  so  as  to  be  varied  from  the  apeture  length  of 
the  output  interdigital  transducer  1402-1  to  that  of  the 
output  interdigital  transducer  1402-2.  In  the  same  man- 
ner  as  Embodiment  4,  the  configuration  of  Fig.  13  may 
be  modified  so  that  one  of  input  terminals  1304-1  and 
1304-2,  or  one  of  output  terminals  1305-1  and  1305-2  is 
grounded,  or  one  of  the  input  terminals  and  one  of  the 
output  terminals  are  grounded,  and  an  unbalanced  sig- 
nal  is  input  or  output.  The  configuration  of  Fig.  14  may 
be  modified  so  that  one  of  input  terminals  1404-1  and 
1404-2,  or  one  of  output  terminals  1405-1  and  1405-2  is 
grounded,  or  one  of  the  input  terminals  and  one  of  the 
output  terminals  are  grounded,  and  an  unbalanced  sig- 
nal  is  input  or  output. 

(Embodiment  6) 

Fig.  15  is  a  block  diagram  showing  a  high-fre- 
quency  portion  of  a  signal  transmitting/receiving  appa- 
ratus  of  Embodiment  6  of  the  invention.  The 
embodiment  is  a  configuration  illustrating  an  application 
example  of  the  surface  acoustic  wave  filters  described 
above.  For  example,  such  a  filter  can  be  used  between 
an  unbalanced  circuit  in  a  high-frequency  portion  of  a 
signal  transmitting/receiving  apparatus  such  as  a  porta- 
ble  phone,  and  a  balanced  circuit  in  a  low-frequency 
portion  such  as  a  mixer.  Referring  to  Fig.  15,  in  the 
transmitter  side,  a  mixer  2001  mixes  a  modulated  signal 
from  a  controller  2008  with  a  local  signal  so  as  to  obtain 
a  signal  of  a  desired  transmitting  frequency.  Usually,  the 
mixer  output  signal  is  a  balanced  signal.  The  mixer  out- 
put  signal  is  supplied  to  a  transmitting  amplifier  (PA) 
2003  through  a  filter  2002.  The  transmitting  amplifier 
(PA)  2003  is  an  unbalanced  circuit.  The  transmitting 
amplifier  (PA)  2003  amplifies  the  signal  and  the  ampli- 
fied  signal  is  output  through  an  antenna  duplexer  2004 

and  an  antenna  2009.  The  antenna  2009,  the  antenna 
duplexer  2004,  and  the  transmitting  amplifier  (PA)  2003 
constitute  the  transmitting  means,  and  the  mixer  2001 
constitutes  the  frequency  converting  means. 

5  By  contrast,  in  the  receiver  side,  a  signal  received 
by  the  antenna  2009  passes  through  the  antenna 
duplexer  2004,  and  then  amplified  by  a  received-signal 
amplifier  (LNA)  2005.  Thereafter,  a  desired  signal  is 
extracted  by  a  receiving  filter  2006  and  supplied  to  a 

10  receiving  mixer  2007.  In  the  front  and  rear  of  the  receiv- 
ing  filter  2006,  the  received-signal  amplifier  (LNA)  2005 
is  an  unbalanced  circuit,  and  the  receiving  mixer  2007  is 
a  balanced  circuit.  The  antenna  2009,  the  antenna 
duplexer  2004,  and  the  received-signal  amplifier  (LNA) 

15  2005  constitute  the  receiving  means,  and  the  receiving 
mixer  2007  constitutes  the  frequency  converting  means. 

Among  the  components  of  Fig.  15,  the  antenna 
2009,  the  antenna  duplexer  2004,  the  transmitting 
amplifier  (PA)  2003,  and  the  received-signal  amplifier 

20  (LNA)  2005  exhibit  inferior  characteristics  when  they  are 
configured  in  the  form  of  a  balanced  circuit.  These  cir- 
cuits  in  the  form  of  a  balanced  circuit  remain  to  require 
a  considerable  time  period  for  practical  use.  By  contrast, 
even  now,  many  kinds  of  balanced  circuits  can  be  used 

25  as  the  mixers  2001  and  2007,  and  characteristics  of  a 
mixer  of  the  balanced  type  are  superior.  The  use  of  the 
filters  of  the  embodiments  as  the  above-mentioned  fil- 
ters  will  result  in  the  use  of  more  excellent  parts  or  cir- 
cuits. 

30  In  Embodiment  6,  an  example  in  which  the  filter  is 
used  in  a  signal  transmitting/receiving  apparatus  such 
as  a  portable  phone  has  been  described.  It  is  a  matter 
of  course  that  an  apparatus  and  location  where  the  filter 
is  used  are  not  restricted  to  the  above. 

35  In  the  embodiments  described  above,  two  or  three 
interdigital  transducers  are  disposed  between  the 
reflectors.  It  is  a  matter  of  course  that  interdigital  trans- 
ducers  of  a  number  which  is  larger  than  three  can  be 
used. 

40  In  the  embodiments  described  above,  a  lithium  nio- 
bate  (LiNb03)  substrate  of  64°-Y-cut  and  X-propagation 
is  used  as  a  piezoelectric  member  constituting  a  surface 
acoustic  wave  resonator.  The  invention  is  not  restricted 
to  this.  It  is  a  matter  of  course  that,  even  when  another 

45  kind  of  substrate  such  as  a  lithium  tantalate  (LiTa03) 
substrate  or  a  quartz  substrate  is  used,  the  same  effects 
can  be  attained. 

Claims 
50 

1  .  A  surface  acoustic  wave  filter  comprising:  a  piezoe- 
lectric  substrate;  at  least  two  interdigital  transduc- 
ers  which  are  adjacently  arranged  on  the 
piezoelectric  substrate  and  each  of  which  has  two 

55  terminals;  and  surface  acoustic  wave  reflectors 
which  are  disposed  on  both  sides  of  the  arrange- 
ment  of  said  interdigital  transducers,  at  least  one  of 
said  at  least  two  interdigital  transducers  being  used 
as  inputting  means,  the  interdigital  transducer  other 

5 
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than  said  input  means  being  used  as  outputting 
means,  wherein  a  signal  is  applied  to  both  the  two 
terminals  of  said  interdigital  transducer  used  as 
said  inputting  means,  and/or  a  signal  is  output  from 
the  two  terminals  of  said  interdigital  transducer  5 
used  as  said  outputting  means. 

2.  A  surface  acoustic  wave  filter  comprising:  a  piezoe- 
lectric  substrate;  at  least  two  interdigital  transduc- 
ers  which  are  adjacently  arranged  on  the  10 
piezoelectric  substrate  and  each  of  which  has  two 
terminals;  and  surface  acoustic  wave  reflectors 
which  are  disposed  on  both  sides  of  the  arrange- 
ment  of  said  interdigital  transducers,  at  least  one  of 
said  at  least  two  interdigital  transducers  being  used  15 
as  inputting  means,  the  interdigital  transducer  other 
than  said  input  means  being  used  as  outputting 
means,  wherein  an  apeture  length  of  said  interdig- 
ital  transducer  used  as  said  inputting  means  is  dif- 
ferent  from  an  apeture  length  of  said  interdigital  20 
transducer  used  as  said  outputting  means. 

3.  A  surface  acoustic  wave  filter  comprising:  a  piezoe- 
lectric  substrate;  at  least  two  interdigital  transduc- 
ers  which  are  adjacently  arranged  on  the  25 
piezoelectric  substrate  and  each  of  which  has  two 
terminals;  and  surface  acoustic  wave  reflectors 
which  are  disposed  on  both  sides  of  the  arrange- 
ment  of  said  interdigital  transducers,  at  least  one  of 
said  at  least  two  interdigital  transducers  being  used  30 
as  inputting  means,  the  interdigital  transducer  other 
than  said  input  means  being  used  as  outputting 
means,  wherein  an  apeture  length  of  said  interdig- 
ital  transducer  used  as  said  inputting  means  is  dif- 
ferent  from  an  apeture  length  of  said  interdigital  35 
transducer  used  as  said  outputting  means,  and  a 
signal  is  applied  to  both  the  two  terminals  of  said 
interdigital  transducer  used  as  said  inputting 
means,  and/or  a  signal  is  output  from  the  two  termi- 
nals  of  said  interdigital  transducer  used  as  said  out-  40 
putting  means. 

4.  A  surface  acoustic  wave  filter  comprising:  a  piezoe- 
lectric  substrate;  at  least  two  interdigital  transduc- 
ers  which  are  adjacently  arranged  on  the  45 
piezoelectric  substrate  and  each  of  which  has  two 
terminals;  and  surface  acoustic  wave  reflectors 
which  are  disposed  on  both  sides  of  the  arrange- 
ment  of  said  interdigital  transducers,  at  least  one  of 
said  at  least  two  interdigital  transducers  being  used  so 
as  inputting  means,  the  interdigital  transducer  other 
than  said  input  means  being  used  as  outputting 
means,  wherein  an  apeture  length  of  said  interdig- 
ital  transducer  used  as  said  inputting  means  and/or 
an  apeture  length  of  said  interdigital  transducer  55 
used  as  said  outputting  means  are  weighted,  and 
an  apeture  length  of  a  portion  of  said  interdigital 
transducer  in  which  the  apeture  length  is  weighted 
is  substantially  equal  to  an  apeture  length  of 

another  adjacent  interdigital  transducer,  said  por- 
tion  being  in  the  vicinity  of  said  other  adjacent  inter- 
digital  transducer. 

5.  A  surface  acoustic  wave  filter  comprising:  a  piezoe- 
lectric  substrate;  at  least  two  interdigital  transduc- 
ers  which  are  adjacently  arranged  on  the 
piezoelectric  substrate  and  each  of  which  has  two 
terminals;  and  surface  acoustic  wave  reflectors 
which  are  disposed  on  both  sides  of  the  arrange- 
ment  of  said  interdigital  transducers,  at  least  one  of 
said  at  least  two  interdigital  transducers  being  used 
as  inputting  means,  the  interdigital  transducer  other 
than  said  input  means  being  used  as  outputting 
means,  wherein  an  apeture  length  of  said  interdig- 
ital  transducer  used  as  said  inputting  means  and/or 
an  apeture  length  of  said  interdigital  transducer 
used  as  said  outputting  means  are  weighted,  and 
an  apeture  length  of  a  portion  of  said  interdigital 
transducer  in  which  the  apeture  length  is  weighted 
is  substantially  equal  to  an  apeture  length  of 
another  adjacent  interdigital  transducer,  said  por- 
tion  being  in  the  vicinity  of  said  other  adjacent  inter- 
digital  transducer,  and  a  signal  is  applied  to  both  the 
two  terminals  of  said  interdigital  transducer  used  as 
said  inputting  means,  and/or  a  signal  is  output  from 
the  two  terminals  of  said  interdigital  transducer 
used  as  said  outputting  means. 

6.  A  signal  receiving  apparatus  comprising:  receiving 
means  for  receiving  a  signal;  a  filter  which  extracts 
a  desired  signal  from  the  received  signal;  and  fre- 
quency  converting  means  for  converting  the  signal 
extracted  by  said  filter  into  a  signal  of  a  predeter- 
mined  frequency,  said  filter  being  a  surface  acoustic 
wave  filter  according  to  any  one  of  claims  1  to  5. 

7.  A  signal  transmitting  apparatus  comprising:  fre- 
quency  converting  means  for  converting  a  signal 
into  a  signal  of  a  predetermined  frequency;  a  filter 
which  extracts  a  desired  signal  from  the  frequency- 
converted  signal;  and  transmitting  means  for  trans- 
mitting  the  signal  extracted  by  the  filter,  said  filter 
being  a  surface  acoustic  wave  filter  according  to 
any  one  of  claims  1  to  5. 

6 
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